Abstract Tropical wetlands support high biodiversity and ecological services, but in most areas they suffer from a paucity of baseline data to support management. We demonstrate how modern technology can be used to develop ecological baseline data including, landuse/landcover, water depth, water quality, lake-level fluctuation, and normalized difference vegetation index (NDVI). For the first time we quantified and mapped these metrics for the Paya Indah Wetlands, Malaysia using the new high-spatial-resolution World View 2 imagery. Landuse/landcover classifications were validated by field visits and visual interpretation of the imagery. NDVI was extracted based on red and near infrared 2 bands. Topo to Raster method was used for interpolation of water depths. Annual mean of a water-quality index and annual water-level fluctuation of lakes were interpolated across lakes using the inverse-distance weighting method. Qualitative and quantitative accuracy assessment of classification (75 % overall accuracy, user's accuracies ranged from 60 % to 90 % and producer's accuracy ranged from 60 % to 97 %) was promising and clearly illustrated that World View 2 imagery can yield fast and reasonably precise identification of ecosystem characteristics for ecological baselines.
Introduction
Wetland areas are both ecologically and economically important. The economic value of the ecosystem services provided by lakes and wetlands on a world scale is immense because these ecosystems support high biodiversity and in turn high ecological and conservation values (Costanza et al. 1997; Fromm 2000; Wainger and Mazzotta 2011) . There are only 39 sites (16,942 km 2 or 0.004 % of the total region area) in Southeast Asia designated as RAMSAR wetlands (http://ramsar. wetlands.org/) indicating that more conservation attention should be given to non-forest habitats (Tantipisanuh and Gale 2013) . The conservation value and environmental problems in tropical wetlands highlight the need for restoration and preventative management (MacAlister and Mahaxay 2009; Hasmadi et al. 2011) . Currently such management is hindered by the lack of available information on which to base and justify management activities. Hence, quantifying attributes of these ecosystems could be valuable for monitoring and future ecological research.
In shallow lake wetlands, submerged and emergent aquatic plants have many important functions including suppression of phytoplankton blooms and provision of habitats for invertebrates, fish and waterfowl (Moss 1998; Gulati and van Donk 2002; Meerhoff et al. 2003) . Variation in water depth substantially influences species composition and abundance of emergent and submerged vegetation in wetlands (Robel 1961; Anderson 1978; van der Valk et al. 1999; Mueller and van der Valk 2002) . The vegetation, in turn, influences the amount of available food, nesting and thermal cover for wildlife such as marsh birds and waterfowl (Murkin et al. 1997) . Vegetation indices such as Normalized Difference Vegetation Index (NDVI) can be valuable measurements for quantifying habitat (Pettorelli et al. 2011) . Waterfowl select lakes based on lake water quality (Hansson et al. 2010) . Hence, water depth, lake-level fluctuation, water quality, and NDVI are important attributes determining the quality and quantity of aquatic habitats (Cox et al. 1998; Kreakie et al. 2012) .
The paucity of information on wetland areas worldwide can be attributed partly to the fact that the physical characteristics of wetlands make fieldwork expensive, time consuming, and often inaccurate (Lyon and McCarthy 1995). These factors limit fieldwork in wetlands and restrict the usefulness of the data for quantitative analysis. Remote sensing (RS), with its utility for surveying large areas in a time and cost-effective manner, offers a solution to difficulties of this type as illustrated by its successful application to wetland ecosystem mapping (Cowardin and Myers 1974; Scarpace et al. 1981; Bancroft and Bowman 1994) . Classification is a fundamental task for RS applications (Kettig and Landgrebe 1976; Hay et al. 1996; Li and Xiao 2007) . However, classification accuracy needs to be considered to satisfy the requirements of desired baseline data applications (Zhang et al. 2013) . Mostly, wetlands classifications have been done at broad scale, using satellite imagery that covers large extents such as Landsat (Frohn et al. 2009; Frohn et al. 2012 ) but with coarse spatial resolution. Detailed wetland characteristics have been used relatively rarely in ecological studies in tropical wetlands. WorldView-2 is the first highresolution multispectral satellite that provides 8 spectral sensors in the visible to near-infrared range (http://www. digitalglobe.com) and provides a promising alternative for high-spatial-resolution classification (Sawaya et al. 2003) . This imagery provides unprecedented precise spatial accuracy to assist in quantifying wetlands characteristics, coupled with improved visual discrimination potential to classify aquatic vegetation. This feature also can provide more detailed information about adjacent landuse/landcover, especially for those areas that harbor potential threats to the conservation of wetlands. Visual interpretation is a commonly used method for classification and band selection in wetlands (Castaneda et al. 2005; Hung and Wu 2005; Sridhar et al. 2008) . Visual interpretation of WorldView-2 high-spatial-resolution imagery could therefore contribute to ecological study of tropical wetland ecosystems due to relevant high accuracy and simplicity.
To demonstrate the utility of modern technology for developing spatially explicit baseline data for research and monitoring, we quantified and mapped landuse/landcover as well as creating a continuous map of water depth, annual water quality, annual lake-level fluctuation, and NDVI in Paya Indah Wetlands reserve, Malaysia, using high-spatialresolution World View 2 satellite imagery.
Material and Methods

Study Area
Paya Indah (Malay translation "beautiful wetland") Wetland reserve (PIW) encompasses 3,050 ha of which 450 ha are under the administration of the Department of Wildlife and National Parks, Peninsular Malaysia. The study area is located adjacent to Malaysia's administrative centre of Putrajaya within the quadrant of 2.85°and 2.88°latitude and 101.60°to 101.63°longitude. PIW is a part of Kuala Langat north permanent Forest Reserve (a peat swamp forest) and is comprised of degraded tin-mining lakes, logged peat swamp forest and large open lakes. The PIW consists of 21 lakes, but for our study we considered the 17 lakes under authority of reserve management (Fig. 1) . Approximately 100 bird species have been recorded in the area of which 20 % are waterbirds (Zakaria and RaM 2010) . The area is a 'green lung' or super corridor due to its strategic location 50 km south of Kuala Lumpur, 12 km west of Putra Jaya, 15 km north of Kuala Lumpur International Airport (KLIA), and the nearest town Dengkil (www.gomalaysia.net/; www.fri.gov.my/). The study area is shown in World View 2 satellite imagery in true color in Fig. 2 .
Satellite image analysis
World View 2 (WV2) multispectral image (acquired on January, 2010) with a spatial resolution of 2 m was used in this study. The image was cloud free and geometrically corrected. Due to high image quality for the study area, no image enhancements were necessary and atmospheric correction was not applied.
Landuse/landcover classifications was applied by visual interpretation of true and false color images based on various reflectance-band combinations to enhance discrimination. Dominant emergent vegetation identification was assisted by a coarse-scale aquatic vegetation map of wetlands in combination with numerous field visits for validation (Belluco et al. 2006) . Discrete vegetation patches were identified by eye based upon their homogeneity and distinctiveness from the surrounding vegitation. ArcGIS10 software was used to digitize the imagery into polygons by tracing the areas that correspond to the classes. Ground truthing was performed in January 2011 at 600 random points within all of the classes across the management range to validate the accuracy of classes (Congalton 1991; Stehman 1997; Andrews et al. 2012) . Within each random point dominant emergent species were identified and the location was pointed by using handheld GPS receiver. NDVI was extracted based on Red and Near Infra-Red 2 bands. The new NIR2 band was used instead of NIR1 band because it was less affected by atmospheric influence.
Terrestrial-aquatic boundaries were verified by field observation. Point data for the boundary of wetlands were used to create a vector, which was used for clipping the terrestrial area to produce wetland-only polygons for depth, water-quality index and lake-level fluctuation analysis and mapping. All inside wetlands polygons were aggregated into two classes, as 'open water' and 'vegetative' and numerous depth samples of each class in all 17 lakes were obtained by field surveys. ArcGIS 10 Topo-to-Raster method was used to create the continuous-depth map. This method uses an iterative finite difference interpolation technique specifically designed for the creation of hydrologically correct digitalelevation models (Hutchinson 1996) . Annual mean water quality index of lakes and lake-level fluctuation data (8 stations) for 2010 were obtained from PIW reserve management and we used the inverse-distance weighted (IDW) method to create continuous maps of each lake (Knight et al. 2005) . For the water-quality index mapping we interpolated the index for each lake (which contained more than one sample) separately to eliminate the effect of other lakes on our results.
Results
The thematic map from the detailed classification of the emergent aquatic plants and other classes for the PIW area is presented in Fig. 3 . Dominant vegetation codes based on their species and genus initials are presented in Table 1 . Eleocharis dulcies, Nelumbo nucifera and Nympheae lotus are major dominant emergent species in PIW. None of these aquatic plant species are of particular conservation concern in the area, but the vegetation is of value for wetland birds as a breeding and feeding habitat (Gunaratne et al. 2009 ). Lesser bulrush (Typha angustifolia) was the least abundant aquatic plant. The most abundant landuse/landcover on the landscape was bush lands and the least was sandy area.
Qualitative comparison of landuse/landcover results from our visual classification and the existing vegetation maps indicate that our GIS facilitated classification captures the distribution of classes more precisely. The most obvious difference between our classified maps and existing maps is the coarse scale of existing maps. The quantitative accuracy assessment for our classification showed 75 % overall accuracy. User's accuracies ranged from 60 % to 90 %. Producer's accuracy also ranged from 60 % to 97 %. In Table 2 , the error matrix result for all classes is presented. The distribution of NDVI values is shown in Fig. 4 .
The wetland-only thematic map of the interpolation waterquality index is presented in Fig. 5 . Malaysian water quality index (WQI) was used as basis for interpolation. 100 are highest possible score and denote pristine water and zero is the lowest. Malaysia water-quality index classes are presented in Table 3 (http://www.doe.gov.my/). Spatial distribution and location of sampling points is shown on the map. Sampling was done in 0.2 m depth by National Hydraulic Research Institute of Malaysia (NAHRIM).
The wetland-only thematic maps of interpolated water depth and annual mean lake-level fluctuation are presented in Figs. 6 and 7. Spatial distribution and location of staff gauges is shown in the map. Selected geographical, physical and hydrological features of each lake are summarized in Table 4 .
Discussion and Conclusion
We have shown how new technology can be used to readily quantify several environmental characteristics as well as creating continuous maps for a wetland complex in PIW as baseline ecological data. The most useful classification Table 3 National Water Quality Index (WQI) of Malaysia: Class І shows natural clean water which practically no treatment is necessary and class V is highly polluted and it is not suitable for any kind of activities (http:// www.doe.gov.my/)
Water quality index (WQI) Classes
>92.7 76.5-92.7 51.9-76.5 31-51.9 <31 technique will depend on the application and is closely related to the physical characteristics of the features being mapped. PIW and most wetland environments in general, consist of a highly heterogeneous arrangement of cover types. This makes most common classification techniques unsuited to mapping these areas (Harvey and Hill 2001) . Our classification achieved 75 % total accuracy. Although 85 % accuracy target is a recommended target for landuse/landcover classifications in remote-sensing applications (Anderson et al. 1976) , there is no universal standard target accuracy for ecological applications or for wetlands. Spectral overlap between wetland cover types and wetland and upland cover types is a problem frequently identified in the application of common remote sensing techniques to wetland environments (Johnston and Barson 1993; Sader et al. 1995) . However, the reflectance properties of emergent plants do not resemble terrestrial vegetation yet they are visually easy to distinguish from open water with the high-resolution satellite image. Wolter et al. (2005) suggested that near-ideal conditions for aquatic-plant classification include good-quality imagery, calm water surface, and validation of the sensor overpass with field-data collection. Based on these conditions there were some limitations to our classification in PIW. First of all, low accuracy of handheld GPS can increase error. Moreover, field conditions also created some limitations; for instance, windy and rainy days can cause shifts and rough surface areas in wetlands. The design and number of field observations have great importance to classifications also. However, we believe that our application of highresolution satellite imagery has several advantages. In particular, the ease and speed with which our ecological characterization of the area could be completed compensates any shortcomings in accuracy. The Topo-To-Raster method was used for creation of the depth map in this study. This interpolation algorithm implemented by ArcGis uses an iterative finite difference technique that combines the surface continuity of global interpolation methods (i.e., splines or kriging) with the computational efficiency of local interpolation methods (Hutchinson 1996) which typically used to create maps in areas of sparse data coverage (Daniell 2008) . Our bathymetry survey was first time ever conducted in the region may be not complete enough to cover all lakes because of lacking time and money. However by interpolation we have increased data availability which it will add much needed detail to the PIW baseline data for further studies. Our study is the first to report the identification of emergent aquatic plant species, and to map water depth, water quality, and lake-level fluctuations on the PIW in detail. Quantification of those characteristics is of great value not only for ecological studies, but also for conservation decision making. Our users' classification accuracy result from the visual interpretation was promising. Clearly, high-spatial-resolution WV2 imagery can yield fast and precise identification of ecosystem characteristics for ecological baselines. Wetland mapping at suitable scales for ecological studies and conservation can be limited by the lack of spatially consistent datasets. Use of spatial statistics for interpolation increases mapping accuracy. Validation and calibration of our findings with more-accurate field equipment like differential global positioning system (DGPS) and different methods could improve results.
